We examined the formation of poly-crystals and polytypes under the point of view applying various powder phases. 6H-SiC single crystal was easily grown by using the green (α-SiC) powder, while the poly-crystals were generated when β-SiC powder was utilized. The method of mixed β-SiC and carbon powder and of graphite pipe inserted in β-SiC powder were applied to overcome the generation of poly-crystals, respectively. It was confirmed that the occurrence of poly-crystals in 6H-SiC crystal was successfully suppressed by C-rich environment.
Introduction
Silicon carbide (SiC) is focused to be most attractive, offering significant advantages in high power, high frequency and low loss device applications. [1] It is well known that there are large numbers of polytypes for SiC material. [2] The control of the polytypes during crystal growth is quite important, because the band gap energy and electrical properties for polytypes are different. [3] It has been extensively studied that the SiC powder with impurities and the Si/C ratio of SiC powder give an effect on the defect generation and the polytype formation, respectively. [4] However, the generation of poly-crystal and different polytypes has not been reported from the view point of SiC powder phases (α-and β-SiC). α-SiC powder includes 6H, 4H, and 15R etc, and it is prepared by Acheson process at above high temperature of 2000 o C. But, it has many metallic impurities which are incorporated during a crushing process of Acheson SiC. However, in recent, high purity β-SiC (3C structure) of above 4N has been offered as a commercial product although Si/C ratio of β-SiC is higher than 1 which means the non-stoichiometry of Si-rich. Accordingly, β-SiC of high purity have to be used for the growth of high quality SiC crystals.
In this work, the poly-crystals and polytypes formed in SiC crystal have been demonstrated on the effect of SiC powder phases and the different result of two different SiC phases. In addition, methods for growth of 6H-SiC will be demonstrated to retrain the formation of poly-crystals and other polytypes in the case of applying Si-rich β-SiC source.
Experimental
SiC crystals were grown by sublimation method, using a cylindrical graphite crucible with carbon thermal insulator. The 6H-SiC seed crystal of C-face was fixed to the graphite lid. SiC sources of α-and β-SiC were packed into the graphite crucible, respectively. A crucible was inductively heated in a water-cooled double quartz tube. A distance between source and seed was 20mm. The growth temperature was 2200°C measured at the top surface of graphite lid, and the source temperature was measured at the bottom of the graphite crucible. The growing pressure for all growth was 10 Torr. Table 1 shows growth conditions for 6H-SiC crystals of 2 inches in diameters in detail. High purity β-SiC powder and green (α-SiC) powder etched in a mixed HCl and H 2 O were used to determine the effect of powder phases during sublimation growth.
It has been reported that the Si/C ratio in sublimated vapor depends on the grain size of the powder [5] . First of all, it was investigated that the occurrence of poly-crystals and polytypes depends on the grain size of α-SiC powder (SiCP1, SiCP2, and SiCP3).
Comparing with the case of α-SiC powder, β-SiC powder was applied for 6H-SiC crystal growth. In addition, Si-rich vapor ambient from β-SiC powder was compensated by two different methods of enhancing carbon environment as written in Table 1 (SiCP5 and SiCP6). 
Results and discussion
A 6H-SiC ingot grown by green powder with 100 µm was successfully obtained to be of single crystal (Fig 1 (b) ), while a SiC crystal grown by using β-SiC powder exhibits poly-crystals (Fig 1  (a) ).
The Si/C ratio in sublimated vapor depends on the grain size of the powder as stated by Lilov et al. [5] Consequently, to evaluate the formation of polycrystals and polytypes as the effect of powder size and to compare with the effect of powder size (150 µm) for β-SiC source, 6H-SiC crystals were grown by using various size of green (α-SiC) powder. However, in our experiments, 6H-SiC single crystals could be always grown as shown in Fig. 1 (b) and (c) when green powders of three different sizes (SiCP2 and SiCP3) were applied. A 6H-SiC crystal could be also grown by using 200µm in size like sample SiCP3.
A SiC crystal grown by β-SiC powder shows the poly-crystals composed of three different polytypes of 6H, 15R and 4H from initial growth stage to as-grown surface when a cross-sectional image was investigated as shown in Fig. 2(a) . It should be noted that these poly-crystals are occurred due to the unwanted and irregular-oriented SiC nuclei generated from Si droplets at the initial stage. [6] The formation of Si droplets on SiC seed depends on the partial vapor pressure of the vapor molecules(Si, Si 2 C, SiC 2 and SiC) at a given temperature.
Si equilibrium pressure in vapor phase over SiC is always higher than the partial pressure of carbon and other species at below 2600 o C. [6] If Si content is high in sublimation source, the formation possibility of Si droplets on seed surface becomes higher during initial growth stage.
However, it has been already reported that the Si/C ratio for β-SiC powder has higher than for green powder. [4] In this study, the Si/C ratio of three different source powders (α-SiC of 50 and 100 µm and β-SiC of 150 µm) were analyzed by using EPMA(Electron Probe Mass Analysis, AT-760, Shimadzu, Japan) as follows; the Si/C ratio were 1.10 for α-SiC of 50 µm, 0.81 for α-SiC of 100µm, and 1.57 for β-SiC of 150 µm. It has been also reported on the effect of Si/C ratio that an excess of Si in vapor phase could result in poly-crystals or polytypes inclusion in 6H-SiC crystal due to Si droplets, while C-rich conditions lead to the formation of hexagonal polytypes. [7] Consequently, two different methods were applied to confirm the reduction of higher Si vapor pressure occurred by Si-rich of β-SiC. First, a mixed β-powder and carbon powder as a sublimation source in order to
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enhance carbon atmosphere because β-SiC shows Si-rich composition. When the mixture (SiCP5) with higher volume fraction of carbon 25 vol.% to β-SiC powder was used, poly-crystals were successfully reduced in 6H-SiC crystal due to carbon-rich growth ambient as shown in Fig 1(d) and Fig. 2(c) . In addition, a graphite pipe (SiCP6) was inserted in the central position of β-powder in order to enhance carbon atmosphere. After the sublimation growth using graphite pipe, a 6H-SiC crystal could be also grown due to carbon-rich growth ambient as shown in Fig. 2(d) . 
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If Si-rich β-SiC powder is used for growth of 6H-SiC, the carbon source have to be supplied as various type such as carbon powder and the extended surface of graphite. Fig. 3 shows a wafer machined from 6H-SiC single crystal which it could be successfully grown by using green (α-SiC) powder of chemical stoichiometry between Si and C.
Summary
We examined the formation of poly-crystals and polytypes under the point of view applying various powder phases. 6H-SiC single crystal was easily grown by using the green (α-SiC) powder of chemical stoichiometry, while the poly-crystals were generated when Si-rich β-SiC powder was utilized.
If Si content is high in sublimation source, the generation probability of Si droplets on seed surface becomes higher in initial growth stage. Consequently, an excess of Si in vapor phase sublimated from Si-rich β-SiC could result in poly-crystals or many polytypes in 6H-SiC crystal due to Si droplets.
In order to enhance carbon-rich atmosphere and suppress Si-rich ambient at the same time, two different methods were carried out as follows. One is the use of mixed β-SiC and carbon powder and the other is the inserting graphite pipe in β-SiC powder. The occurrence of poly-crystals in 6H-SiC crystal could be successfully suppressed by applying two different methods for enhancing carbon ambient. In the near future, we will try to report on the effect of α-SiC / β-SiC ratio to improve the quality for 6H-SiC crystal growth.
